Objective: To determine the health-care resource use and costs attributable to treating atrial fibrillation (AF) Identification of AF medical encounters was based on occurrence of AF-specific International Classification of Diseases (9th Edition)-Clinical Modification (ICD-9-CM) diagnosis code 427.31 (principal discharge diagnosis for inpatient setting; any diagnosis field for other settings). For the 10 most common principal discharge diagnoses in the inpatient setting, case-control comparison analyses were performed to estimate annual incremental costs of AF as a comorbid discharge diagnosis for hospital stays. Regression models were used to assess the impact of AF on hospitalization costs. Costs were estimated in year 2005 US dollars.
Introduction
Atrial fibrillation (AF), the most common sustained cardiac arrhythmia encountered, currently affects approximately 2.2 million people in the United States [1] and increases in prevalence with age. Given the impending increase in the elderly population, AF is anticipated to become an increasing burden on the health-care system with Go et al. [2] estimating a 2.5-fold increase in number of patients with AF over the next 50 years. Nevertheless, despite the high prevalence of AF, little has been done to evaluate the overall economic burden of this disease. The majority of the economic studies on AF have been conducted in the United States with a hospital or third-party payer perspective using decision modeling to estimate the costs of specific treatments. These studies focused specifically on costs associated with either interventional procedures [3] [4] [5] [6] , anticoagulation and stroke prevention [7] [8] [9] [10] [11] [12] [13] , or pharmacological treatments [3, [7] [8] [9] [10] 12, [14] [15] [16] [17] . Studies examining the "national" cost of AF have been conducted in the UK [18] and France [12] , however, the overall cost of treating AF in various healthcare settings has not been examined in the United States. As such, the objective of this study was to determine the impact of AF on health-care resource use and costs in the hospital inpatient, outpatient, and office visit settings in the United States.
Methods

Data Sources
Three separate, cross-sectional, federally funded, and nationally representative medical encounter databases were analyzed, including: 1) The Healthcare Cost and Utilization Project's (HCUP) Nationwide Inpatient Sample database (2001); 2) The National Ambulatory Medical Care Survey (NAMCS) database (2001); and 3) The National Hospital Ambulatory Medical Care Survey (NHAMCS) database (2001) . HCUP contains hospital discharge data from a 20% sample of US hospitals. The hospital sampling frame is defined as community hospitals (including public hospitals, academic medical centers and specialty hospitals) that were open during any part of 2001. Each hospital stay record contains: patient age, sex, principal and comorbid discharge diagnoses, medical or surgical procedures/tests, length of stay, and total billed charges. Fees for physician services are not included in HCUP.
NAMCS contains annual physician office visit data from an approximate 0.3% sample of US physician offices. Each visit record includes: age, sex, up to three listed diagnoses, drugs prescribed, and diagnostic and medical or surgical procedures/tests performed during the visit. NHAMCS contains annual emergency room (ER) and hospital outpatient department (OPD) visit data from an approximate 10% sample of US shortstay (average length of stay [LOS] < 30 days) hospitals. NHAMCS variables are similar to those included in NAMCS.
For each database, each of the discharge or visit records in the databases contains a weighting variable that was utilized in analyses to provide nationally representative estimates.
Identification of AF-Related Medical Encounters
Identification of AF-related encounters in the inpatient setting was based on the designation of the International Classification of Diseases (9th Edition)-Clinical Modification (ICD-9-CM) diagnosis code 427.31 (atrial fibrillation) as either the principal or comorbid discharge diagnosis. Hospitalizations with a valvularrelated diagnosis (ICD-9-CM 093.20, 394.0, 424.0, 746.3) were excluded from this analysis.
For the NAMCS/NHAMCS analyses, a visit record qualified as AF-related by one of four ways: 1) the AF diagnosis code was the only listed code on the record;
2) the AF diagnosis code was listed among other codes, but one of the "reason for visit" codes included cardiovascular disease; 3) a drug used to treat AF was prescribed; or 4) a procedure related to AF was performed.
Inpatient Costs of AF
The economic perspective was that of a third-party payer. HCUP provides information on total billed charges, excluding physician fees, for a given discharge but not the actual costs of providing services, which more closely relates to the amount reimbursed by payers. Hospital-specific cost-to-charge ratios are not provided therefore an average cost-to-charge ratio of 0.53, estimated from publicly available Medicare Cost Report Data for 2001 [19] , was applied to the total billed charges. The cost estimates based on 2001 data were updated to year 2005 US dollars based on the Consumer Price Index for hospital inpatient services (conversion factor of 1.275 to adjust 2001 to 2005 dollars) [20] .
The cost estimate for AF in the inpatient setting includes two principal components: 1) costs due to AF as a principal discharge diagnosis; and 2) costs attributable to AF as a secondary (comorbid) discharge diagnosis. For the first component, the full costs of hospitalizations with a principal discharge diagnosis of AF were attributed to AF. Costs for inpatient physician services were estimated based on Medicare's National Average Allowance for specific evaluation and management service codes for 2005 [21] . Code 99211 was applied to the initial day of hospitalization, code 99238 to the day of discharge, and code 99231 for all days in between.
For the second component, a case-control comparison was utilized to estimate the "incremental" economic impact of AF. This analysis focused on the 10 most common principal discharge diagnoses in HCUP with AF as a comorbid diagnosis (Table 1) . Hospitalizations with one of the 10 principal discharge diagnoses and a comorbid diagnosis of AF, were separated into 10 distinct "case" groups based on the principal discharge diagnosis. Controls for each specific principal discharge diagnosis were selected from the pool of hospitalizations that did not include a comorbid diagnosis of AF. Each case was matched to a control on the following variables: age, sex, race, principal discharge diagnosis, and bed size category of hospital (i.e., large, medium, small).
Outpatient Costs of AF
Neither costs nor charges are reported in NAMCS/ NHAMCS; thus, to estimate the costs associated with AF-related visits, the resource use items (i.e., drugs, procedures) recorded were assigned unit costs and then summary costs calculated. The NAMCS office visit records include the amount of time the patient spends with the doctor. This time was averaged for all AF visits, and the appropriate evaluation and management Current Procedural Terminology (CPT) code was assigned. For physician fees for the emergency department (ED) and OPD settings, the lowest level of visit complexity was assumed in each setting to provide the most conservative cost estimate. The unit costs for the chosen CPT codes were based on national prevailing fees for 2004 [21] , updated to year 2005 US dollars based on the Consumer Price Index for hospital outpatient services (conversion factor of 1.05 for the period between 2004 and 2005) [22] .
Each visit record includes up to a maximum of six medications that were prescribed during the visit. The medication name is reported, but not the days supplied or daily dose. Therefore, each drug was assigned an estimated "days supplied" and "daily dose" amount based on drug-specific recommendations in the Physician's Desk Reference (PDR). The default value for days supplied was "30" for the office or OPD setting and "1" for the ER setting if the PDR did not specify a length of therapy. Drug costs were estimated based on the average wholesale price reported in the 2004 Drug Topics RED BOOK, updated to year 2005 US dollars based on the Consumer Price Index for prescription drugs (conversion factor of 1.05 for the period between 2004 and 2005) [23] . Oral intake was assumed for all estimated drug costs. The cost analysis included only drugs used to treat AF, as determined by a review of all recorded medications by two expert clinicians.
Facility costs (for ED and OPD settings) were estimated based on publicly available claims data utilized by the CMS to develop the Outpatient Prospective Payment [24] . Facility costs were updated to 2005 using the Consumer Price Index for hospital outpatient services [22] .
Statistical Analyses
All statistical analyses were conducted using SAS (Release 8.02; SAS Institute Inc., Cary, NC, USA).
Where appropriate for counts, frequency distributions or means, the weight variables in the databases were utilized to provide accurate national estimates. Because of the large sample sizes, statistical tests were considered significant at P < 0.001. Nonparametric Wilcoxon rank sum tests were used to test for statistical significance due to non-normal data distributions [25] .
An ordinary least squares (OLS) regression model was used to assess the contribution of certain factors in predicting total charges for AF hospitalizations. Charges were transformed into logarithms due to skewed distributions (i.e., long tails of expensive hospitalizations). The regression model included: age, sex, race, expected primary payer, bed size of hospital, emergency admission, surgery performed not related to principal discharge diagnosis (based on record of any surgical diagnosis-related groups), and comorbidities (yes/no for each of 30 comorbidity variables developed and validated by Elixhauser et al. [26] for use in predicting costs with administrative data; for all models, the comorbidity of cardiac arrhythmias was excluded).
OLS regression models were also used in the casecontrol comparison to assess the incremental cost of AF on total charges for each of the 10 case-control matches. The model structure was the same as described in the above paragraph except for the addition of the case-control status variable. To allow for a direct interpretation (i.e., in dollar terms) of the parameter estimates from the log-transformed models, a "smearing" or retransformation factor was applied to each regression model [27] . Once the incremental charges per hospitalization due to AF were estimated for each of the 10 principal discharge diagnoses, the charges were converted to costs and then multiplied against the annual number of hospitalizations in the United States that included the respective principal diagnoses and a comorbid diagnosis of AF.
Results
Inpatient Analyses
There were an estimated 348,131 hospitalizations in the United States in the year 2001 with AF listed as the principal discharge diagnosis. Consistent with the epidemiology of AF, the majority of hospitalizations involved patients ages 65 years and older (72%), with 13% ages 85 and older. Approximately 54% of the AF hospitalizations involved female patients and a large majority (88%) involved white patients. The most frequent comorbid conditions for patients hospitalized with a primary diagnosis of AF were hypertension (36%), congestive heart failure (CHF) (19%), coronary atherosclerosis (18%), and chronic obstructive pulmonary disease (COPD) (10%). Echocardiography was the most commonly performed procedure during hospitalizations with AF as a primary diagnosis (occurring during 9% of AF hospitalizations).
AF as a primary diagnosis in the inpatient setting resulted in an estimated $2.93 billion (year 2005 US dollars) in direct medical costs ( Table 2 ). The mean (± SE) costs per AF hospital stay were $8412 ± 230, and the mean (± SE) LOS was 3.6 ± 0.04. The mean (± SE) costs for AF hospital stays involving either catheter ablation or cardiac mapping were substantially higher at $23,080 ± 2613. For the top 10 discharge diagnoses in HCUP, the proportion of hospitalizations with AF as a comorbid diagnosis ranged from 31.5% in patients with CHF to 4.1% in patients with a urinary tract infection (UTI) ( Table 1) . Table 3 presents estimates of the incremental economic impact of AF as a comorbid diagnosis. For all 10 diagnoses in Table 3 combined, the total annual incremental impact of AF as a comorbid diagnosis in the inpatient setting was estimated at $1.95 billion.
This figure is conservative given that there were an additional 1.6 million hospitalizations with AF as a comorbid discharge diagnosis not among the top 10 HCUP diagnoses. Table 4 summarizes the results of the OLS regressions used to calculate the incremental cost impact of AF reported in Table 3 . The independent variables included in the 10 separate regression models are listed in the first column, and the 10 principal discharge diagnoses of interest are listed in the top row. The "+" symbol represents when the parameter estimate for a given variable was statistically significant at P < 0.001, and the parameter estimate had a positive impact on total charges. The "-" symbol represents when the parameter estimate was statistically significant at P < 0.001, and had a negative impact on total charges. For example, the variable representing the presence of AF as a secondary diagnosis ("Case") was statistically significant in all 10 regressions, and was associated with an increase in total charges. Other interesting findings included:
• Increased age was associated with lower total charges for 7 of the 10 regression models.
• Being female was associated with lower total charges when the principal discharge diagnosis was either acute myocardial infarction (MI) or coronary atherosclerosis, but was associated with higher total charges when the principal discharge diagnosis was either pneumonia or COPD.
• White patients had significantly lower total charges (relative to nonwhite patients) in all 10 regression models. • An emergency admission was associated with increased total charges in all but two of the regression models (i.e., acute MI and coronary atherosclerosis).
• CHF as a comorbid diagnosis was associated with increased total charges in all but two regression models (sinoatrial node dysfunction and pneumonia).
• COPD as a comorbid diagnosis was associated with increased total charges in all regression models.
Outpatient Analyses
As with the inpatient setting, the majority of patients were 65 years or older, with a substantial proportion over the age of 75 years (Table 5 ). There were an estimated 5.0 million AF-related office visits, 276,000 AF- = variable excluded from regression; = zero patients had comorbidity; + represents when P < 0.001 and parameter estimate had positive impact on charges; -represents when P < 0.001 and parameter estimate had negative impact on charges. CABG, Coronary Artery Bypass Graft; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; DRG, diagnosis-related groups; ICD-9-CM, International Classification of Diseases (9th Edition)-Clinical Modification.
related ED visits and 234,000 AF-related OPD visits in 2001 (Table 5) . Total annual direct medical costs for the ambulatory/outpatient treatment of AF were estimated at $1.76 billion (year 2005 US dollars) with office visits accounting for 66.2% of costs, and the remainder being split among ED visits (17.4%) and hospital OPD visits (16.4%). Drug costs accounted for 19.1% of office visit costs, 0.5% of ER costs, and 3.5% of OPD costs.
Cost of AF
Total annual medical costs for the treatment of AF in the inpatient, ER and hospital outpatient settings in the United States were estimated at $6.65 billion (year 2005 US dollars). This estimate includes costs for all hospitalizations where AF (427.31) was the principal discharge diagnosis ($2.93 billion), the incremental inpatient costs due to AF as a comorbid diagnosis (conservatively estimated at $1.95 billion), and costs for all ambulatory/outpatient treatment of AF ($1.76 billion) (Fig. 1) . 
Discussion
This study provides an overall estimate of the direct treatment costs associated with AF across inpatient and various outpatient treatment settings and examines the incremental cost of AF as a comorbid diagnosis. Although the cost of AF is substantial, this estimate is conservative as not all encounters with AF as a comorbidity were included in this analysis. Importantly, the presence of AF increases inpatient costs of patients with both cardiovascular and noncardiovascular (e.g., pneumonia, UTI, COPD) diseases. These findings are similar to those noted by Wolf et al. [28] who used Medicare hospital claims and MedPAR data to compare costs and outcomes of patients with AF versus patients without AF; the patients with AF incurred higher costs and experienced a 20% higher mortality rate than patients without AF. Our findings are also similar to those noted in Dell'Orfano et al.'s [29] retrospective analysis of hospital records to determine the costs of care for an acute treatment of AF in the United States. Hospital charges were highest for the group requiring direct current cardioversion ($9892); patients who spontaneously converted had the lowest hospital charges of $4930. In our analysis, the cost for hospitalization with a direct current cardioversion was $7873. The cost for a catheter ablation and/or cardiac mapping was much higher at $23,080. Clearly, more aggressive procedures result in higher costs.
To provide context for the costs of AF compared with other cardiovascular illnesses, the total direct costs for all cardiovascular disease are estimated at $242 billion annually in the United States with CHF accounting for $25 billion and stroke $35 billion [30] . These estimates also include the costs of nursing home and home health care, which were not part of our analysis.
Although costs for procedures were captured in our analysis, the cost of long-term anticoagulation and stroke prevention per se was not captured in this analysis because it was beyond the scope of our analysis. The cost of stroke prevention has been previously well analyzed [7] [8] [9] [10] [11] with Menzin et al. [31] reporting the average costs for one full year of anticoagulation to be about $300 and Anderson et al. [32] finding the annual anticoagulation costs to be $600. The outpatient analysis examined drug costs; however, duration of treatment was estimated. Although drug charges are included in HCUP costs, the actual drug and treatment regimen cannot be discerned; thus inpatient drug costs could not be analyzed. As such, the estimated cost of AF of $6.65 billion per year is underestimated as the cost for stroke prevention treatments, inpatient drug costs, remaining encounters with AF as a comorbid condition, and inpatient physician fees are not included. Additionally, indirect costs of AF (e.g., work loss, reduced leisure time, quality-of-life impact), which are likely to be significant, could not be assessed in this analysis.
The racial disparity noted in our study is similar to that noted by Baine et al. [33] in an analysis of Medicare beneficiaries with a higher prevalence of white men and women being hospitalized with AF than other races. Using National Hospital Discharge Survey records, Khairallah et al. [34] found 71.5% of the population to be white, 5.6% to be African American and 20.8% to be "not specified." Approximately 88% of the primary AF diagnoses group was white compared with a proportion of 69% white for all US hospitalizations in 2001 [35] . The cause of this racial variation would be interesting to explore because it is not known whether this is related to the epidemiology of the disease or barriers to health care.
Studies in the United States and other countries have found that the number of hospitalizations for AF has increased substantially in recent years [36] [37] [38] [39] . This could be due to a true increase in AF prevalence, changes in how AF is recorded or coded as a diagnosis, or both.
There are a number of limitations associated with this cross-sectional analysis. First, the HCUP billed charges data do not include fees for hospital-based physician services. To be conservative, the analysis did not attempt to estimate these costs. Second, neither the HCUP nor NAMCS/NHAMCS databases included the actual costs of care for reported services. An average charge-to-cost ratio was applied uniformly across all discharges, and this could either overestimate or underestimate the actual costs of care at a given institution. Third, the study utilized cross-sectional data that did not allow for a longitudinal tracking of patients and their full episodes of care for AF-related illness. In addition, the lack of longitudinal data limited the ability of the study to identify all patient comorbidities, because only the comorbidities listed on the selected visits could be captured for the analyses. Lastly, the cost of AF as a comorbid condition was only captured for 10 HCUP diagnoses leaving the incremental cost associated with 1.6 million other hospitalizations not known. As such, the estimates presented here are conservative.
As the prevalence of AF increases with age, AF is anticipated to become an increasing burden on the health-care system. Future research should consider possible areas of reducing costs such as those demonstrated by Zimetbaum et al. [40] , where practice guidelines on treating AF were instituted in the ED. These guidelines reduced the hospital admission rate from 74% to 38% without affecting clinical outcomes. Such interventions could have a tremendous financial impact in reducing the cost of AF.
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